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OBJECTIVE:  To  coordinate  a  4-laboratory  collaboration  (Hanson,  Rhodes, 
Gage,  Leustek)  to  investigate  3-dimethylsulf oniopropionate  (DMSP) 
synthesis  in  marine  algae;  to  identify  the  intermediates  involved  in  the 
macroalga  Enteromorpha  intestinalis  and  in  phytoplankton  species;  to 
begin  identifying  enzymes  of  DMSP  synthesis;  to  develop  convenient 
radiochemical  syntheses  for  DMSP  and  its  precursors. 

AP-ER.QACH :  In-vivo  radioactive  and  stable  isotope  labeling  plus  mass 
spectrometry  were  employed  to  identify  the  steps  in  the  pathway.  Enzyme 
assays  of  algal  extracts  were  used  to  identify  the  enzymes  mediating 
these  steps.  The  pathway  was  studied  in  the  intertidal  green  alga  E. 
intestinalis  and  in  three  diverse  microalgae  (letraselfflis  sp.,  Emiliania 
huxleyi  and  Melosira  nummuloides.  [35S]Methionine  (Met)  was  supplied  to 
the  algae  and  labeled  metabolites  were  analyzed  by  ion  exchange 
chromatography,  TLC  and  electrophoresis.  l3C-Labeled  Met  was  supplied 
with  or  without  1802,  and  labeling  of  metabolites  was  investigated  by 
mass  spectrometric  methods.  [35S]Met  was  used  to  synthesize  labeled 
methylmethionine  (SMM),  4-methylthio-2-oxo-  and  2-hydroxybutyrate  (MTOB 
and  MTHB )  and  4-dimethylsulf onio-2-hydroxybutyrate  ( DMSHB ) .  These  com¬ 
pounds  were  used  as  in-vivo  precursors  and  as  enzyme  substrates. 

ACCOMPLISHMENTS :  In  collaboration  with' Rhodes,  Gage  and  Leustek,  in-vivo 
radiotracer  and  stable  isotope  labeling  experiments  were  used  to  define 
steps  in  DMSP  synthesis,  first  in  intestinalis.  then  in  the  three 
phytoplankton  species.  These  steps  were  shown  to  be:  Met  ->  MTOB  ->  MTHB 
-►  DMSHB  -►  DMSP. 

We  demonstrated  that  the  first  three  enzymes  of  DMSP  synthesis  in  £. 
intestinalis  are  a  2-oxoglutarate-dependent  aminotransferase,  an  NADPH- 
dependent  reductase,  and  an  &-adenosylmethionine-dependent 
methyltransf erase.  We  showed  that  the  reductase  and  methyltransf erase 
are  specific  for  the  D-isomer  of  dimethylsulfoniohydroxybutyrate 
(DMSHB),  and  that  the  aminotransferase  has  an  exceptionally  high 
affinity  for  methionine  =  30  uM  in  the  presence  of  1  mM  2- 
oxoglutarate) .  We  also  showed,  in  collaboration  with  Leustek,  that  DMSHB 
can  act  as  an  osmoprotectant  for  bacteria. 

We  developed  methods  to  prepare  the  following  35S-labeled  compounds  at 
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high  specific  radioactivity,  starting  from  [35S  ]  methionine:  DMSP,  MTOB, 

D-  and  L-MTHB,  D-  and  L-DMSHB,  SMM  and  methylthiopropionate . 

CONCLUSIONS :  The  DMSP  synthesis  pathway  appears  to  be  the  same  in  four 
diverse  algal  groups,  including  important  producers  of  DMS .  This  pathway 
is  completely  different  to  that  in  flowering  plants,  which  proceeds  via 
SMM  and  DMSP-aldehyde.  That  an  aminotransferase  with  a  very  high 
affinity  for  methionine  stands  at  the  head  of  the  algal  pathway  is 
consistent  with  DMSP  synthesis  competing  for  methionine  with  protein 
synthesis,  and  may  help  explain  why  nitrogen  deficiency  enhances  DMSP 
production.  Depletion  of  cellular  amino  acids  would  favor  the 
transamination  reaction,  thereby  promoting  DMSP  synthesis  when  nitrogen 
is  limiting.  That  DMSHB  is  an  intermediate  in  DMSP  synthesis  raises  the 
possibility  that  catabolism  of  this  compound  could  contribute  to  DMS 
emissions  from  living  algae. 

SIGNIFICANCE:  This  work  established  for  the  first  time  the  algal  DMSP 
biosynthesis  pathway.  Methods  for  synthesizing  isotopically  labeled  DMSP 
and  intermediates  in  its  synthesis  were  developed  and  published. 
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